Objectives. Education has long been considered a protective factor against sexual risk behaviors and sexually transmitted infections (STIs) among adolescents; however, few have explored this association and determined differences across racial/ethnic groups of young adult females on a national scale. The purpose of this study was to (1) describe the association between education and STI diagnosis among a national sample of black and white young adult females and (2) examine racial differences in this association.
With nearly 20 million cases occurring annually, sexually transmitted infections (STIs) continue to persist as a major public health issue in the United States. Half of these infections occur among adolescents and young adults aged 15 to 24 years, and of these, minority women are disproportionately affected. 1 In 2007, three of the most common STIs-chlamydia, gonorrhea, and trichomoniasis-were significantly more prevalent among 20-to 24-year-old black females than among their counterparts of any other race/ethnicity. During this year, chlamydia rates among non-Hispanic black females were more than seven times that of white females, and rates for gonorrhea were nearly 15 times the rate of non-Hispanic white females of the same age, with rates for both infections on the rise from previous years. Although trend data for trichomoniasis are limited, data on initial physician visits suggest that rates may be on the decline. 2 Despite these high rates of reported STIs, up to two times as many new infections are estimated to occur annually than are reported. 2 As a result, many who suffer from STIs may do so for extended periods of time, enhancing the probability for other infections to occur. In fact, individuals who contract at least one STI are almost five times as likely to also contract human immunodeficiency virus (HIV). Additionally, STIs can have numerous lifelong health consequences, which can prove much more deleterious for women than for men. [2] [3] [4] [5] For STIs that go undetected, reproductive health effects for women can include infertility, cervical cancer, pelvic inflammatory disease, or possible STI transmission from mother to child during childbirth. 3, 6 The relationship between education and sexual risk has been studied extensively in the adolescent population; [7] [8] [9] [10] [11] yet, the research on young adults often presumes education is a protective factor against risk outcomes or minimizes the role of key social determinants, such as education, on engagement in sexual risk behaviors and STI diagnosis. The transition to adulthood, however, is often accompanied by significant changes in social roles, environments, and individual achievement, making it an optimal time to understand how education influences STI risk. During this transition, social and economic trajectories often diverge. 12 These divergent trajectories can result in a range of social environments that may be more or less "risky." For example, although attending college may result in a college degree that leads to more optimal economic outcomes, it may also provide a social environment where young adults engage in risky health behaviors. [13] [14] [15] [16] Moreover, studies suggest that the extent to which college students engage in risky behaviors may differ by race/ethnicity, [17] [18] [19] suggesting the need to pursue research examining the social context that may predict or facilitate engagement in these behaviors and reasons for differences by race/ethnicity.
Of the few studies that have been conducted with young adults to assess the relationship between educational factors and sexual risk, findings are inconsistent. This inconsistency may be due, in part, to the specialized populations sampled, the use of limited measures of sexual risk without direct assessment of STI diagnoses, and the use of less rigorous statistical techniques. For example, using the National Acquired Immunodeficiency Syndrome (AIDS) Behavioral Survey, Binson et al. 20 found that white young adults (aged ,25 years) who completed 12 or more years of education were more likely to have multiple sex partners than white young adults with fewer than 12 years of education. The authors found no association between education and the number of sexual partners among Hispanic and black individuals. In another study using a small clinic sample of black people who were currently or previously diagnosed with an STI in one metropolitan city, Irwin and colleagues 21 found that symptomatic patients with at least a high school education were more likely to report "always" using condoms, compared with those with less than a high school education. A final example involved a sample of incarcerated women (aged $18 years) in Rhode Island. 22 Findings revealed that women with more years of education were less likely to engage in risky sexual and nonsexual behaviors, such as having sex without a condom and sharing intravenous drug equipment, in the last three months, compared with those with less education.
Additionally, extant research has not adequately explored the possibility that race may moderate the relationship between education and STI risk. Yet, a growing body of evidence documents that black people derive fewer economic and health benefits at equivalent levels of education and income than white people. [23] [24] [25] For example, white college graduates' median net worth is more than three times the median net worth of black college graduates. 24 Similarly, research has shown that income is unrelated to rates of overweight among black women, but is significantly associated with reductions of overweight among white women. Among women aged $20 years, the infant mortality rate of black college graduates is higher than it is for white people with less than a high school diploma. 26 Thus, it is possible that education may also have a stronger association with STI diagnosis among white women than among black women.
Given the significant processes occurring during the transition to adulthood, understanding the influence of education on STI risk is warranted. Thus, the purpose of our study was to (1) describe the association between education and STI diagnosis (self-reported and clinically assessed) among a national sample of black and white young adult females and (2) examine racial differences in this association.
METHODS

Study sample
We used data from the National Longitudinal Study of Adolescent Health (Add Health), a nationally representative sample of adolescents in grades seven through 12 in 1994-1995. Baseline interviews occurred in 1994-1995, with follow-up interviews in 1995-1996 (Wave II) and 2001-2002 (Wave III). A detailed description of the sampling design is provided elsewhere. 27 Our measures of STI diagnosis were obtained from Wave III, when respondents were aged 18 to 26 years. We also used data from previous waves to construct measures of family background and adolescents' sexual and nonsexual risk behaviors. We restricted our sample to female respondents interviewed in 2001-2002 who had ever had sexual intercourse and self-reported as non-Hispanic black or non-Hispanic white. Males and those identifying as Asian/Pacific Islander, Native American, and Hispanic did not have enough cases of STI diagnosis across education levels to provide stable estimates. We utilized case-wise deletion in our analyses, resulting in a loss of 6.4% of our sample; item "missingness" on covariates was higher among black respondents, those with less education, and older respondents, but unrelated to self-reported STI diagnosis or the STI assay results. Finally, item missingness on our dependent variables differed-less than 1% of our sample refused to self-report STI diagnosis; however, approximately 7% of our sample refused to consent to the STI assay test. In addition, 10% of respondents who consented did not receive an STI diagnosis, due to specimen deterioration or because the sample was not returned within the specified time frame. Thus, our analytic sample differed by dependent variable. Analyses using self-reported STI diagnosis included 4,821 females (1,414 were non-Hispanic black and 3,407 were non-Hispanic white). Analyses using the STI assay diagnosis included 4,045 females (1, 199 were non-Hispanic black and 2,846 were non-Hispanic white). All of our analyses used the sampling weights developed by Add Health and the svy commands in Stata ® version 10.0 28 to account for the complex sampling design and respondent attrition.
Measures
Dependent variables.
In 2001-2002, respondents were asked if, in the previous 12 months, a doctor had diagnosed them with chlamydia, gonorrhea, or trichomoniasis. We created a binary measure of self-reported STI diagnosis, which we coded 1 if the respondent reported that she had been diagnosed with any of these three STIs, and 0 if she reported "no" to all three of these STIs. Respondents were also asked to provide a urine specimen that was subsequently tested for the same three STIs. We created a binary measure of STI assay diagnosis, coded 1 if the respondent tested positive for chlamydia, gonorrhea, or trichomoniasis, and 0 if the respondent tested negative for all three of these STIs.
Independent variables.
Respondents' educational status was categorized as less than a high school diploma, a high school diploma only, or enrolled in/graduated from a four-year college as of 2001-2002. Race of respondents was a self-reported measure categorized as non-Hispanic black or non-Hispanic white (hereafter referred to as black or white).
Covariates.
We included a number of covariates in our analyses that had previously shown an association with STI diagnosis, educational status, or both. These included age of respondent in 2001-2002, parent education (1 5 at least one parent with a high school diploma or higher; 0 5 otherwise), and family structure in 1994-1995 (1 5 lived with both biological parents; 0 5 otherwise). Sexual risk behaviors included lifetime number of sexual partners as of 2001-2002, age at sexual initiation, condom use in the past 12 months (categorized as never, sometimes, most of the time, and all of the time), ever having sex with a person who shoots street drugs, ever having sex in exchange for money, ever getting into a sexual situation due to drinking, and ever getting into a sexual situation due to the use of drugs. Nonsexual risk behaviors included indicators that measure if a respondent ever came into contact with the justice system (defined as being on probation or detention or both as a juvenile, or on probation or sent to jail/prison as an adult), respondents' smoking status (categorized as never smoked, past smoker, and current smoker), drinking behavior (categorized as never engaged in binge drinking, infrequently binge drink, sometimes binge drink, and frequently binge drink), and use of any illegal drugs (defined as use of marijuana, cocaine, crystal methamphetamine, lysergic acid diethylamide, phencyclidine, ecstasy, mushrooms, inhalants, ice, heroin, or prescription drugs not prescribed to the respondent). All nonsexual risk-behavior variables were measured in 2001-2002.
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Analytic approach
First, we explored the bivariate relationships between educational status and the sample characteristics by race. Logistic regression was then used to examine the relationship between educational status and our two dependent variables, where a p,0.05 was considered statistically significant. We present logistic regression results as log-odds. Additionally, we transformed the log-odds estimates for various subgroups (e.g., white females with a high school diploma and black females with a high school diploma) into predicted probabilities and plotted the predicted probabilities to better understand how the association between educational status and STI diagnosis varied by race. We used the following formula to calculate the predicted probabilities of each subgroup:
where P{ is the predicted probability of STI diagnosis, β 0 represents the constant, and β χ represents the individual variable(s) of interest (e.g., race and high school education). Table 1 presents characteristics of the study sample by race and educational status. Regarding educational status, among black and white females, similar proportions of respondents had less than a high school education (13.4% of black respondents and 13.0% of white respondents), had earned a high school diploma (52.2% of black respondents and 51.8% of white respondents), and had enrolled in or completed college (34.4% of black respondents and 35.3% of white respondents). Respondents also were comparable in age, with a mean age of 22 years for black and white respondents. Regarding family background, respondents were significantly different on measures of both parental education and family structure. Parents of white respondents achieved higher levels of education, and a greater proportion of respondents lived with both biological parents, compared with their black counterparts.
RESULTS
To demonstrate how respondents' risk behaviors and STI diagnoses differed by race and educational status, we also present bivariate associations in Table  1 . In regard to STI diagnosis, black females had significantly higher rates of both self-reported STIs and STI assay diagnosis, compared with their white counterparts. While rates of self-reported STIs did not vary significantly by educational status for black respondents, the rates of self-reported STIs declined among white females with increasing levels of educa-tion. However, the same pattern was not found for STI assay diagnosis. As educational level increased, rates of STI assay diagnosis declined for both black and white respondents, but only for those who were enrolled in or had graduated from college.
Significant within-and between-race differences were found by educational status for parental education, family structure, age at sexual initiation, having had sex for money, having been arrested or served time in jail, smoking status, and binge drinking. At higher levels of education, respondents were more likely to have had a parent with at least a high school diploma, lived in a family with two biological parents in 1994-1995, initiated sex at an earlier age, never had sex for money, never smoked, and never been arrested or served time in jail; but they were less likely to have never engaged in binge drinking, regardless of race. Compared with black females, white females were more likely to have parents who had at least a high school diploma, have lived in families with both biological parents, have initiated sex at a later age, never have had sex for money, be a current smoker, or frequently binge drink. Table 2 presents models of self-reported and assaydiagnosed STIs, testing for independent and interactive effects of race and educational status. We present the odds ratios (ORs) for the association between education and race in Columns 1-4. The base model adjusts for race, education, and age. The final model adjusts for all covariates. Columns 1 and 2 present the results for self-reported STI diagnosis; Columns 3 and 4 present the results for STI assay diagnosis. For both the selfreport and assay results, black respondents had higher odds of being diagnosed with an STI, compared with white respondents. We also found a negative association with education-higher education was associated with lower odds of STI diagnosis. Although the association was significant for those with a high school diploma or higher education level in the self-reported models, it was only significant for those who were enrolled in or had graduated from college in the assay-diagnosed models.
To test if educational status was associated with STI diagnosis similarly for white and black females, we included a set of variables interacting race and educational status ( Column 8 ) attenuated the association between college enrollment/degree and STI assay diagnosis; however, the race-3-education terms were also nonsignificant, suggesting that at least for STI assay diagnosis, the association with education was similar for black and white respondents. Figures 1 and 2 depict the predicted probabilities by race and educational status for self-reported STI diagnosis and STI assay diagnosis, respectively. As shown in Figure 1 , black females had a higher probability than white females of self-reported STI diagnosis at all levels of educational status. White females also experienced a significant decline in their predicted probability of self-reported STI diagnosis with increasing education, while black females did not. This pattern did not hold in Figure 2 . Both black and white females experienced a significantly lower predicted probability of STI assay diagnosis if they were enrolled in or had graduated from college than if they had completed less than a high school diploma. Moreover, regardless of the dependent variable, black females who were enrolled in or had graduated from college had a significantly higher predicted probability than white females with less than a high school diploma. For example, approximately 12.4% of black respondents enrolled in/graduated from college self-reported an STI diagnosis, compared with 6.4% of white respondents with less than a high school diploma. For assay diagnosis, the predicted probabilities were 13.4% and 4.3% for black vs. white respondents, respectively. 
DISCUSSION
Our study provides evidence that (1) there is an inverse association between education and STI diagnosis among young adult females; (2) this inverse association is stronger for white females than for black females, when assessed using self-reported STI diagnosis; and (3) black females who were enrolled in or had graduated from college have significantly higher predicted probabilities of having an STI than white females with less than a high school diploma, regardless of STI measure used. Unlike previous studies focused on the adolescent population, 9, 10, 29 our bivariate results suggest that education is associated with decreased engagement in sexual risk behaviors, but that this association may vary by race. For example, education was unrelated to the number of sexual partners or getting into a sexual situation due to drinking or drugs among black respondents, but was inversely associated with these risk factors among white respondents. We did, however, find that for both black and white respondents, education was associated with a decreased risk of early sexual initiation, having sex with a person who shoots street drugs, having sex for money, and using condoms. The latter findings appear consistent with a recent study by Spriggs et al. in which the authors found that college enrollment was associated with later timing of sexual debut among a national sample of young adult women; however, they did not examine this association by race. 30 Nonetheless, our results provide additional evidence that education may reduce some sexual risk behaviors among women during the transition to adulthood, but that additional research investigating the differential impact of education across racial groups is warranted.
Our finding that race differentially influences the association between education and self-reported STI diagnosis is consistent with prior research examining racial differences in the relationship between social determinants of health-such as socioeconomic status (SES)-and health. 23, 25, 31 This research suggests that, in general, measures of SES (including education) are not equivalent across racial groups, and black individuals often derive fewer economic and health benefits at equivalent levels of SES. A possible reason for this non-equivalence lies in the conceptualization and measurement of SES-a measure of education, income, and/or occupational status. 26, [31] [32] [33] Education is often viewed as a fixed attribute that represents human capital achievement. 34 Yet, racebased stratification still occurs within the educational system, 35, 36 often resulting in differences in the quality [37] [38] [39] and quantity of education that black students receive. For example, black students at the primary and secondary education levels are more likely to attend segregated and economically disadvantaged schools that provide fewer educational opportunities-they are more likely to suffer from overcrowded classrooms, outdated books and supplies, fewer advanced placement courses, and fewer laboratories, 40, 41 as well as less qualified teachers. 42 At the post-secondary level, examples of this stratification include prestige of educational institution attended, 43, 44 access to resources to facilitate the educational experience and mitigate stressors associated with achieving higher educational status (i.e., financial support and social support of family members who may also be college educated), 45, 46 and levels of stress that may be differentially borne as a consequence of obtaining higher education. [47] [48] [49] These contextual factors may impact educational achievement and are likely confounded in traditional measures of education. Thus, it is important to note that our measure of education may actually be capturing disparities in social and physical environments occurring earlier in life, and may in part explain why highly educated black women in our study still experience higher levels of STI diagnosis than less educated white women.
As expected, based on U.S. surveillance data, STI prevalence rates (self-reported vs. biologically confirmed STI rates, respectively) among black females in our sample averaged three to six times those among white females. 2 However, an unexpected and quite notable finding was that black females engaged in a substantially lower proportion of sexual or nonsexual risk behaviors compared with white females. For instance, although white respondents with at least a high school diploma were older than their black counterparts the first time they engaged in sexual intercourse, white females with less than a high school diploma reported more sexual partners than their black counterparts. Moreover, regardless of educational status, white respondents were less likely than black respondents to use a condom and more likely to get into a sexual situation due to drinking, smoking, binge drinking, or using illegal drugs. This is contrary to extant research that depicts clear associations between sexual risk behavior and STI prevalence, as well as higher levels of sexual risk-taking among black young adults compared with their white counterparts. [50] [51] [52] [53] While some researchers have suggested nonbehavioral, contextual factors that may impact STI prevalence (e.g., differential access to condoms, awareness of STI-prevention information, beliefs about invulnerability to negative health outcomes, partners' sexual risk, and partner concurrency), [54] [55] [56] [57] [58] [59] few have shown as weak an association between risk behavior and STI diagnosis as that found in our study.
A partial explanation of our findings may be that black women, although engaging in fewer sexual risk behaviors, may be selecting behaviors that put them at the greatest risk of infection. Alternatively, black and white women may be engaging in comparable levels of some risk activities, but black women may be doing so with riskier partners, in which case these women unknowingly take on their partners' risk status and sexual networks. 55, [57] [58] [59] [60] [61] In fact, research has shown that the low sex ratio among black people may inadvertently promote overlapping sexual networks and partner concurrency. 55 In these cases, men may more easily choose to engage in multiple relationships with little concern that their primary partner will leave the relationship because of the difficulty that women may encounter in finding a replacement partner who is mutually monogamous. 62 Future research efforts must elucidate the mechanism for the differences in risk behavior shown between black and white women and why this relates differentially to STI outcomes.
One final finding of interest is the difference in rates of self-reported vs. biologically confirmed STIs among the study sample. A possible explanation for the difference is that the reference point for each measure was unique. That is, for the self-report measure, respondents were asked to report STI diagnosis in the previous 12-month period, while the biological assay assessed STI status at the time of the interview. Additionally, post-hoc analyses (data available upon request) revealed that item missingness may have also contributed to these differences; respondents with a high school diploma or who were enrolled in/graduated from college were more likely to refuse to give consent, compared with those who consented to the STI assay, regardless of race. Thus, item missingness on the STI assay variable was related to educational status and may be one reason why we did not find consistent results across dependent variables. Although clinically assessed measures of STIs are viewed as the gold standard, [63] [64] [65] our analyses suggest caution in interpreting these measures, especially if consent is nonrandom. Given these findings, we elected to present both sets of results.
Limitations
In addition to those previously mentioned, several other limitations apply to our findings. First, sexual risk behaviors in this study were measured via self-report, which could have introduced recall bias or underreporting. However, respondents reported on sexual risk behaviors via computer-assisted personal interviewing, a method that has been demonstrated to decrease the likelihood of social desirability bias, 66 particularly when asking about sensitive topics. 67 Second, we were unable to include men and other racial/ethnic groups in our analysis, due to small cell sizes. Nonetheless, we believe that our findings contribute to the literature on social determinants of STIs, particularly as they relate to addressing the disquieting STI rates among black women.
CONCLUSION
Our findings provide evidence that although education may decrease STI risk, the extent to which it does so may vary by race. Additionally, while individual-level risk behaviors are important precursors to STI rates, among some groups, contextual-level factors may play an even more significant role as contributors to disease rates. Policies and interventions should, therefore, not only focus on less educated populations or on individual risk behaviors, but also on contextual-level factors that may influence STI risk differentially by race. Specifically, efforts aimed at reducing STI prevalence and/or risk among black females should be offered, regardless of educational status, and may need to begin early and in concert with administrators at secondary and post-secondary educational institutions. Overall, social determinants, such as education, should be viewed as important factors associated with STI risk, but their differential impact on various racial/ethnic groups should also be considered when addressing the disproportionate rates of STIs in the U.S.
